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Involvement of alpha-1 and alpha-2 adrenoceptors in
the postlaparotomy intestinal motor disturbances in
the rat
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SUMMARY The effects of phentolamine, yohimbine and prazosin on laparotomy induced intestinal
motor disturbances were studied in anaesthetised fasted rats previously equipped with electrodes,
chronically implanted on the duodenum and jejunum. During continuous recording of inter-
digestive myoelectric activity, laparotomy under thiopental anaesthesia (Nesdonal 40 mg/kg ip)
induced a primary phase of total inhibition of spiking activity lasting 26K1±+13 min (mean±SE)
followed by a period of disorganised activity, the first propagated migrating myoelectric complex
(MMC) occurring 71*4±7-9 min after laparotomy. Phentolamine (3 mg/kg), or yohimbine (1
mg/kg) given im before laparotomy decreased by 48 and 49%/O, respectively, the duration of
postsurgical inhibition, with a normal MMC pattern occurring immediately after. In contrast, there
was only a shortening of the postlaparotomy initial inhibition of spiking activity after im prazosin
(100( Rg/kg), with a late (50-60 min) recovery of the MMC pattern. These results suggest that the
initial inhibition of intestinal motility induced by laparotomy may involve alpha-i and alpha-2
adrenoceptors, while the disruption of the MMC pattern is mainly caused by the activation of
alpha-2 receptors.

A transitory suppression of gastrointestinal motility
(ileus) is a common complication of abdominal
surgery and trauma. Although stomach and colon are
generally believed to be most affected,' a period of
postsurgical paresis of small bowel has been clearly
shown in rats' and dogs.3 In these species a clearcut
suppression of spiking activity after laparotomy has
been shown: the recovery of myoelectric activity
occurs as incoordinated motility at first, followed by
a progressive restoration of the organised fasted
pattern - that is, the migrating myoelectric complex
(MMC), which assumes the normal propulsive and
secretory function. In both species, prolonged dis-
ruption of myoelectric activity caused by exposure of
the bowel to air, intestine handling or related to the
nature of surgery was observed." Moreover, the
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propulsion of a marker along the small bowel of the
rat is inhibited by laparotomy.4

In man, although postoperative radiological
investigations attribute normal propulsive activity
to small intestine,' a disturbance in the coordination
of myoelectric activity in the early postoperative
period has been shown, with disruption of the basic
electrical rhythm (slow waves) and irregular occur-
rence of spiking activity."

Hyperactivity of the sympathetic nervous system
plays a prominent role in the genesis of this post-
surgical event:7 it is prevented in rats by chemical and
surgical sympathectomy,4 but not by adrenalectomy.
Sympathetic hyperactivity also seems to be basic to
gastric' and colonic' ileus, if produced by peritoneal
irritation, and to act synergistically with vagal non-
adrenergic inhibitory fibres in decreasing gastric
motility after laparotomy."' The roles of alpha-2
receptors located in the gut and involved in the
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regulation of gastrointestinal secretion and motility
are widely documented;"-'4 on the other hand, the
role of alpha-1 receptors in this field is less clear. The
present study was undertaken in order to clarify the
role played by alpha-1 and alpha-2 receptors in the
genesis of postsurgical ileus in the rat.

Methods
ANIMALS
Male Wistar rats, weighing 250-300 g were used; they
were housed in individual cages, fed on UAR pellet
diet and given water ad libitum. Under halothane
(Fluothane) anaesthesia, Nichrome wire electrodes
(0-08 mm diameter) were implanted into the
muscular layers of the small bowel, according to a
previously described technique.' The groups of
electrodes were placed respectively on the duo-
denum at approximately 10 cm from the pylorus, and
on the jejunum at approximately 20 and 30 cm from
the pylorus.

EXPERIMENTAL PROCEDURES
Starting five to six days after surgery, the electrical
activity of small bowel was recorded by means of an
electroencephalograph (Reega Minihuit, Alvar; time
constant 0-1 sec; paper speed 6 mm/min). In addition
an integrated record of spiking activity was obtained
by summation of the electrical activity for consecu-
tive 20 second periods using a linear integrator
circuit'6 connected to a potentiometric recorder (JJ
Lloyd CR 503; paper speed 6 cm/h).

Experiments were carried out at three day inter-
vals on each rat. The animals were fasted overnight
and water was allowed ad libitum. After two hours of
control recording of the interdigestive cyclic activity
of small bowel, anaesthesia was induced by in-
traperitoneal injection of 40 mg/kg thiopental
(Nesdonal). A 2 cm paramedian laparotomy was
done in the umbilical region, according to the follow-
ing time schedule: incision of the skin 10 minutes
after barbiturate administration (stage 1); incision of
muscle layers and peritoneum during the occurrence,
at the upper jejunal site, of the third MMC after
thiopental injection (stage 2), followed by immediate
closing of the laparotomic wound. Drugs to be tested
(or vehicles) were injected by intramuscular route
during the occurrence, at the upper jejunal site, of
the second MMC after thiopental administration -
that is, about 15-18 minutes before performing stage
2 of surgery.
The drugs were dissolved in 0-5 ml vehicle and

injected in the following doses: phentolamine HCI:
3 mg/kg; yohimbine HCI: 1 mg/kg; prazosin HCI:
100 ,ug/kg (the doses refer to the compounds as
salts). Phentolamine was dissolved in distilled water,
yohimbine and prazosin were dissolved in a 10%

dimethylsulphoxide/water solution. Control animals
received either 0-5 ml of the dimethylsulphoxide/
water solution intramuscularly (n=4) or 0-5 ml of
distilled water (n=4). Because no significant differ-
ence between the two control groups was found for
each of the parameters considered (ANOVA), one
control group was made by pooling the data.

ANALYSIS OF DATA
The following variables were considered: (a) time of
complete inhibition of myoelectric activity: from
stage 2 of surgery to the appearance of the first
spiking activity at one of the recording sites; (b) time
of disruption of the MMC pattern: from stage 2 to the
appearance of the first MMC propagated over at least
two recording sites; (c) MMC period: time between
the beginning of regular spiking activity of successive
complexes at the upper jejunal site. For each rat,
basal MMC period is the mean of three successive
periods before thiopental administration. In order to
compare presurgical and postsurgical mean MMC
periods, the mean of the periods between thiopental
injection and stage 2 and the mean of the first three
periods after laparotomy were calculated for each
experiment.

STATISTICAL ANALYSIS
Data were analysed using Student's t test for paired
(variable c) or unpaired data (variables a and b).

Results

The small bowel motor profile in fasted rats was
characterised by the occurrence of migrating myo-
electric complexes having a mean period, at the
upper jejunal site, of 13*9±0-7 min (n=8), and
comprising two phases of irregular and regular
spiking activity, as previously described. 6 Thiopental
did not modify the cyclic motor profile; however, it
induced lengthening of the MMC period by 15±2%
(p<005), and, in some experiments, shortening of
the phase of irregular spiking activity (n=2). Finally,
a transient inhibition or disruption of the organised
myoelectric activity just after the injection, rapidly
followed by recovery of the normal motility pattern,
was sometimes observed (n=6).

EFFECT OF LAPAROTOMY
Paramedian incision of the skin did not significantly
alter regular development and migration of the
ongoing myoelectric complex (Figs 1, 2). In contrast,
incision of muscle layers and peritoneum produced
the instantaneous interruption of the ongoing com-
plex (Figs 1, 2) and the complete inhibition of any
spiking activity for 26-1±1-3 min. Recovery of an
irregular spiking activity was then detectable at one
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Fig. Effect oflaparotomy (S2) under thiopental
anaesthesia on the myoelectric activity ofduodenojejunum at
10 (D), 20 (JJ) and30 (J2) cmfrom thepylorus (direct
record). Upper traces: control laparotomy. Lower traces:
laparotomy in yohimbine-treated rats (I mglkg im). SI
indicates skin incision.

of the recording sites. The mean interval between
stage 2 of the surgery and the reappearance of a
myolectric complex propagated over at least two
recording sites was longer, with a mean duration of
71-4±7-9 min. At the recovery of the organised
pattern, the MMC period was lengthened compared
with the presurgical state (p<001) (Table).

EFFECT OF DRUGS
Phentolamine
In animals pretreated with phentolamine, lapar-
otomy immediately suppressed intestinal myoelectric
activity; the duration of total inhibition of spiking
activity was less compared with controls (p<0-01), as
disorganised bursts of spikes reappeared 13 5±0 6
min after laparotomy (Table). The MMC pattern
recovered after 20 7±7-0 min (p<005), but the
MMC period was longer than presurgically (p<005)
(Table).

Yohimbine
Pretreatment with yohimbine did not prevent the
interruption of the MMC by laparotomy (Fig. 1);
however, the suppression of myoelectric activity
lasted 13-2±1-9 min, and the first MMC occurred
13-6±2-2 min after stage 2 of surgery (Fig. 1, 2). The
recovery was faster than in controls (p<0-01) and the
MMC pattern was immediately organised; there was
little or no effect of laparotomy on the MMC period
(p>0.7) (Table).
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Fig. 2 Effect oflaparotomy (S2) under thiopental
anaesthesia on the myoelectric activity ofduodenojejunum at
10 (D) and20 (J) cmfrom thepylorus (integrated record).
Upper traces: control laparotomy. Lower traces: laparotomy
in yohimbine treated rats (I mglkg im). SI indicates skin
incision.

Prazosin
Prazosin reduced the duration of laparotomy induced
ileus (p<0-01), as with phentolamine or yohimbine;
however, the reappearance of a propagated MMC
was similar to controls (p>04), and the MMC profile
showed a quite irregular frequency during several
hours, with alternating periods of organised and
disorganised spiking activity (Table).

Discussion

The present work confirms the inhibitory effect of
laparotomy on the myoelectric activity of rat small
bowel,2 and the participation of adrenergic pathways
in the genesis of this pathology.247 Furthermore, it
establishes that mainly alpha-2 adrenoceptors are

involved. As previous works showed, thiopental
anaesthesia leaves the interdigestive myoelectric
pattern in rat substantially unchanged;2 transient
alterations sometimes observed in our experiments
were probably caused by the stress of restraint and
of the ip injection, and in these cases we waited

Table Influence ofadrenoceptor blockers on the inhibition ofduodenojejunal myoelectric activity induced by laparotomy in
rats

Mean MMC period (min)
Time (min) of myoelectric Time (min) ofMMC
activity inhibition pattern disruption Presurgically Postsurgically

Controls(n= 8) 26-1±1-3 71 4+7-9 16-4+1-0 30-8+3-8t
Phentolamine (im) (n =4) 135+±0-6t 20-7+7-0* 15-5±1-4 21-7±2-3§
Yohimbinc(itn)(n=5) 13-2+1-9t 13-6+2-2t 17-1±2-4 17-5+3-0
Prazosin (im) (n=5) 13-4±2-2t 52-4+17-( 15-2+1-1 Not calculated

Values are means± SE; difference v controls: * =p<0)05; t=p<0.01. Difference v presurgical period: t=p<0O05; § =p<0-01.
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for the recovery of the normal pattern before starting
surgery. Incision of abdominal muscle layers and
peritoneum abruptly interrupts intestinal motility,'
and this effect is consistently prevented by partial
destruction of the spinal cord2 I7 or by splanchnicec-
tomy.21 These data suggest the existence of an
inhibitory reflex activated by laparotomy, involving
the spinal cord and the splanchnic nerves as the main
efferent pathway. In support of this proposition,
increased synthesis and release of gut noradrenaline
occurs 12 hours after abdominal surgery in rats.'"
Moreover, adrenalectomy does not affect the post-
operative slowing of rat small intestinal propulsion
measured 12 hours after surgery.
As previously shown, two phases occur in the

postlaparotomy ileus: a total suppression of myo-
electric activity, followed by a period of unorganised
spiking activity.2 In our experiments the first period
was shortened by phentolamine, yohimbine, or
prazosin pretreatment, indicating that both alpha-i
and alpha-2 receptors may mediate inhibitory stimuli
affecting small bowel motor activity postoperatively.
The most important finding, however, concerns the
faster recovery of the MMC pattern with phentola-
mine or, notably yohimbine. This early restoration of
the MMC, not seen with prazosin, supports the
hypothesis that alpha-2 receptors play a major role in
the postlaparotomy disruption of the MMC pattern.
Alpha-2 receptors can mediate inhibition of
intestinal motility.''2 Activation of these adreno-
ceptors, thought to be presynaptically located,2 can
inhibit acetylcholine output in guinea pig ileum,324
and a similar mechanism has also been proposed for
dog jejunum' and rabbit intestine.2" In rat small
intestine, acetylcholine may not be the main
excitatory neurotransmitter;" nevertheless, because
clonidine'' (and paradoxically prazosin)'7 reduces
small bowel propulsive activity in rats, laparotomy
induced ileus may be caused by the postoperatively
increased release of gut noradrenaline, which, acting
on presynaptic alpha-2 receptors, inhibits the release
of a neurotransmitter important for the regularly
cycling MMC. Alpha-2 receptors may also be
important in regulating rat colonic motor activity, as
inhibition of motility by nociceptive peritoneal
stimuli was counteracted by phentolamine or
yohimbine.9

Because there is a relationship between the MMC
pattern and propulsion of contents in rat,
peripheral blockade of alpha-2 adrenoceptors would
be expected to result in a faster recovery of normal
intestinal motility.
None of the drugs used prevented the instantane-

ous suppression of spiking activity caused by muscul-
operitoneal incision; other nervous pathways may
therefore contribute to postlaparotomy ileus.
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